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The aim of this pamphlet is to compile some of the more recent 
weather analysis and forecasting rules in a compact form for ready 
reference; to indicate the limitations of the rules which have been 
imposed by assumptions; and to attempt to evaluate the usefulness of 
the rules in accordance with experience. 
The need for such a pamphlet was thought to exist when it was 
• realized that many texts must be referred to in order to cover the field 
even partially; and that many meteorologists use the rules rather blindly 
without due regard to the original and later assUll'lptions, and to their 
resultant limitations on the applicability of the rules. For example, 
most of the rules quoted in this compilation were derived on the basis1 
of experience in middle latitudes only; hence judgments as to their 
usefullness have been based on experience gained in forecasting middle-
lati tude weather only. It is doubtful if any of the rules has more than 
very limited applicability either in polar or in tropical areas. 
If this publication can focus attention on the fact that 
weather analysis and forecasting rules apply only to those situations 
where the underlying assumptions are realized, it will have served a 
useful purpose; and it is believed that the rules will then be used 
with greater confidence. 
No claim is made for originality, and credit is assigned to 
the original authors of rules wherever possible, bit reference is 
generally made only to readily available sources, rather than to 
original papers. 
The entire Staff (both past and present) of the Aerological 
Engineering Department, Naval Postgraduate School has participated in 
the preparation or this pamphlet. However, special credit is due 
Professor William D. Duthie, Lieutenant Commander William J. Kotsch, 
u. s. Navy, and Lieutenant Max A. Eaton, u. s. Navy. 
Department of Aerological Engineering, 
Naval Postgraduate School, 




R. O. Minter 





The following set of weather forecasting rules has been compiled 
by categories, and the designation of each rule is made in accordance with 
















Byers, H. R.,: General Meteorology, McGraw-Hill, New York, 1944. 
Berry, F. A., Jr., Bollay, E., and Beers, N. R.,1 Handbook 
of Meteorology, McGraw-Hill, New York, 1945. 
Empirical Observation. 
Haltiner, G. ~.,:Preparation of Prognostic Charts, Chief of 
Naval Operations, Aerology Section, Washin6ton, D. C. 
Oliver, V. J. and Oliver, M. B.,: Forecasting the Weather with 
the Aid of Upper Air Data, U. S. Navy Reprint, Chief of 
Naval Operations, Aerology Section, Washington, D. c., 
January, 1945. 
Petteresen, s.,: Introduction to Meteorology, McGraw-Hill, 
New York, 1941. 
Petterssen, s.,: Weather Analysis and Forecasting, McGraw-Hill, 
New York, 1940. 
Riehl, H.,1 Subtropical Flow Patterns in Summer, University of 
Chicago Press, Chicago, Illinois, 1947. 
(9) (S) Starr, V. P.,1 Basic Principles of Weather Forecasting, Harper 
and Brothers, New York, 1942. 
(10) (PV) Petterssen, s.,1 Contribution to t~e Theory of Pressure 
Variation, (Navaer 50-IR-174), Chief of Naval Operations,, 
Aerology Section, Washington, D. c., ~.ay, 1945. 
• When practicable, subscripts are used to indicate the number assigned to 
the rule by the original author(s). 
v 
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surface cold front 
surface warm front 
stationary front 
occluded front 
upper cold front 
upper warm front 
isobar (horizontal projection) 
(a) 10, 000 foot isobar {hor.izontal projection) 
(b) 700 mb. contour (horizontal ~rojection), or 
(c) surface isallobar (horizontal projection) 
(d) frontal surface (vertical cross section) 
limit or previous precipitation shield 
(a) mean isotherm (lower 10,000 feet} 
(b) thickness line (1,000 - 700 mb. surfaces) 
geostrophlc wind 
perpendicular component of geostrophic wind 
f'rontogenesis 
f'rontolysis 
(a) precipitation (horizontal projection) 
(b} cloud area (vertical cross section} 












streamline or trajectory 

















Centers of rising and falling pressure on the 
surface map move parallel to the wind flow at 
10,000 feet across the surface isallobaric center, 
with a speed proportional to that of the 10,000 
foot wind. 
This rule works quite well on pressure systems 
which do not extend as high as 10,000 feet. For 
such systems, the so-called "steering level" is 
at a much higher level. 
I-1 
































During periods of Northwest flow at 10,000 feet 
from western Canada to the eastern United States 
surface lows move rapidly from northwest to 
southeast bringing cold air outbreaks east of the 
Continental Divide. 
This is a corollary of the preceding rule. 
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When southwest or southerly flow aloft prevails 
over the United States, storms move toward the north 
giving widespread bad weather. 
Remarks: This rule is also a corollary of Rule (1). 
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The 24-hour surface isallobaric minimum will move 
parallel to the upper wind flow to the current 
position of the 20,000 foot 24-hour isallobaric ridge 
line in 24 hours. Pressure changes ale~ should be 
5 mb. or larger for this rule to apply. 
This is a statistical result which can be used with 
approximately 50% reliability. Thus far, no 
criteria have been found to determine exactly when 
the rule holds. 
Cyclone and anticyclone centers will in general, 
continue to move with the velocity and acceleration 
that they have had during the preceding 12 hours. 
Highly unreliable rule. If this were true, systems 
would neither speed up nor slow down, directly 
opposite to what is actually observed. 
I-4 
f 
Rule ( 6): 
(024) 
Remarks: 
NAVAER 50-lR-204 ... 
If the mean temperature chart (pattern of thickness 
lines) shows a maximum temperature (greatest 
thickness) along a latitude line to be about half 
way between the 10,000 foot high and the next low, 
the surface low beneath will move rapidly. If the 
maximum temperetures (greatest thickness) occur 
in the high aloft, the surface low will tend to 
stagnate, with the fronts moving rapidly around it. 
This is another empirical result, but agrees quite 
well with the known facts about the movements of 
deep (cold) and shallow (warm) lows, and is closely 












Other things being equal, troughs of large wave 
length move more slowly than troughs of short 
wave length. 
This rule assumes no divergence or convergence and 
purely horizontal motion. 
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Waves developing near the Gulf of Uexico usually 
travel northeastward and finally pursue a path 
roughly parallel to the Appalachian Mountains, 
either to the east or to t ·he west of the range, 
but seldom, if ever, cross it. 
This is an empirical result and is quite reliable. 
A cyclone center that moves toward a stationary 
anticyclone is retarded and the path tends to 
curve northward until it becomes parallel to the 
isobars around the anticyclone. 
























If the gradient wind is south or southwest and the 
winds aloft a northwest, a warm cyclone is approaching. 
This rule is based on the theory ot the thermal 
wind. It is valid except that it is useful only 













































Warm sector cyclones move in the direction of 
the current in the warm sector. They usually have 
straight paths, whereas old occluded cyclones 
usually have paths that are curved northward. 
This rule works well, since the homogeniety of 
the warm sector air makes its direction of 
movement the same as that of the upper air. 
Whenever this rule conflicts with the upper air 






"The velocity of propagatio~ of the cyclone 
wave is intermediate between the translation 
of the warm layer and the cold layer, but 
much nearer to the translation of the warm 
layer" Godske 
A very accurate statement. 
G E!NERAL COMMENT ON ALL OF PETTERSSEN' S RULES INVOLVING THE 
USE OF PRESSURE TENDENCIES 
(1) The rules actually describe what has been happening 
during the tendency interval, not what is going 
to happen during the forecast period. 
(2) The theory is purely kinematic; for instance, it 
takes no account of such dynamic aspects as 
divergence and convergence. 
(3} Pressure tendencies are difficult to measure 






Troughs move in the direction of the isallobaric 
gradient. and wedges move tn the opposite 
direction. 











The speed of a trough or wedge is directly 
proportional to the difference in tendency 
between the front and the rear of the trough 
(or wedge) and inversely proportional to the 
curvature of the pressure profile. 





























NAVAER 50-lR-204 .. 
Troughs and ' wedges whose pressure profiles have 
great curvature will move slowly, whereas 
troughs and wedges whose pressure profiles are sligh 
curved will move with a speed that · varies within 
wide limits and depends greatly on the isallobaric 
gradient. 
This rule is not very reliable. 
See also "comments" on page I-10. 
Troughs and wedges whose pressure profiles are 
greatly curved move with a fairly constant · 
speed, whereas "flat" troughs or wedges may 
be greatly accelerated or retarded in their 
movement. 
This is another questionable rule, subject to 
many exceptions. 







A trough is accelerated when the tendency profile 
is curved as indicated in diagram A, and is 
retarded when the tendency profile is curved as 
indicated in diagram B. 
A wedge is accelerated when the tendency profile 
is curved as indicated in diagram C, and is 
retarded when the tendency profile is curved as 
indicated in diagram. D. 









Circular (or nearly circular) cyclonic centers 
move in the direction of the isallobaric gradient 
, whereas anticyclonic centers move in the opposite 
direction. The speed is directly proportional to 
the isallobaric gradient and inversely propo~tional 
to the curvature of the pressure profile. 
This rule is quite reliable, except subject to 










A cyclonic center moves toward an area of 
undernormal winds, whereas an anticyclonic 
center moves toward an area of overnormal 
winds. 
This rule is not reliable, but it agrees to 
some extent with the theory of dynamic anticyclo-
genesis. 
Cyclonic and anticyclonic centers whose pressure 
profiles have great curvature will move slowly. 
When the pressure profiles are slightly curved, 
the speed may vary within wide limits, depending 
on the magnitude of the isallobaric gradient. 
This rule is not reliable. 






The veiocity of an elongated cyclonic center 
lies between the longest symmetry axis and the 
isallobaric gradient through the center, and the 
nearer to the longest symmetry axis the more 
elongated the isQbars are. Elongated anticyclonic 
centers move in the same manner but in the 
opposite direction. 
Empirical observation disagrees strongly with 
this rule. 
See also "comments" on page I-10. 
I-17 






NAVAER 50-lR-204 . 
Very oblong centers generally move along the 
longest symmetry axis or very close to it. 
This is e corollary of the previous rule and 
disagrees even more with the observed facts. 
Elongated highs in particular. frequently 
move "sideways". 
Circular (or nearly circular) centers whose 
pressure profiles have large curvature are 
little accele.rated. Such centers• which may be 
accelerated in any direction. frequently nave 
curved paths. Flat pressure centers may have 
considerable acceleration. 








A col moves in a direction that, in respect to 
the Y-axis, is symmetrical with the isallobaric 
gradient. 
This rule is based on the same equation as the 
previous ones; hence, is subject to the same 
objections. 
High 















Oblong pressure centers are not much accelerated 
in the direction of the shortest symmetry axis. 
Such centers usually h~ve straight paths. 
This is merely a restatement of Rule (22). 
The same "remarks" apply. 
Petterssen's Rule No. 14 is merely a restatement 
of Rule No. 7, considering pressure centers as 
intersections of troughs and wedges. 
See ''remarks" under Rule (19). 
A cyclonic center moves with approximately the 
same speed as the warm front and somewhat slower 
than the cold front. 
A restatement of Godske's rule. 
Cyclonic centers that are exposed to cyclogenesis 
are usually retarded, and those exposed t~ cyclolysis 
are usually accelerated. A similar rule holds for 
anticyclonic centers. 







Troughs alo~ in the westerlies will have , 
retrograde motion if the isobars (isohypses) 
and isotherms (thickness lines) are in phase, 
and the perturbation.of the isotherms (thickness 
lines) is of lesser amplitude than that of the 
isobars {isohypses). 
This rule is based on a formula of Rossby's which 
was derived under a long list of highly restrictive 
assumptions, which among other things, do not 







Troughs aloft in the westerlies will remain 
stationary if the isobars (isohypses) and 
isotherms (thickness lines) coincide. 







rroughs aloft in the westerlies will move with 
less than the speed of the gradient winds if 
the isobars (isohypses) and isotherms (thickness 
lines) are approximately in phase. Cold lows 
move slowly. 














Troughs aloft in the westerlies will move with 
the speed of the gradient wind if the isobars 
(isohypses) and isotherms (thickness lines) are 
90 degrees out of phase. 
















NAVAER 50-lR-204 .. 
Troughs aloft in the westerlies will move faster 
with respect to the gradient wind the more the 
isotherms (thickness lines) and isobars (isohypses) 
are out of phase. Warm lows move rapidly. 
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NAVAER 50-lR-204 . 
Frontogenesis in a field of temperature is 
possible when: 
(a) the wind blows from low to high temperature 
and decreases in this direction, or 
(b) the wind blows from high to low temperature 
and decreases in this direction. 
Only the wind components normal to the isotherms 
are significant. 
The assumption is made that temperature is a 
conservative property (i.e. the isotherms are 
transported by the wind flow described). 
COLD 
! 1 1 
t t ! 
~ t t WARM 
COLD 
t t t 
-=-
t l i 
f l f WARM 
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Other conditions being equal, frontogenesis is 
most likely to occur where the temperature gradient 
is greatest. 
(Paraphrase of Petterssen's statement) 
T 
0 
The assumption is again made that temperature is 
conservative. 
COLD 































In hyperbolic wind systems (i.e. cols), frontolysls 
is usually a passing phenomenon; for if the wind 
system retains its character for a sufficiently 
long interval of time, the isotherms will have a 
tendency to move and crowd along the axis of 
outflow. 
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Fronts that move toward a trough line increase in 
intensity; fronts that move away from a trough line 
will dissolve. 
This is a corollary of the previous rules, assuming 
normal temperature and wind distribution of troughs. 
Frontogenesis ls more likely in a col dominated by 
anticyclones than in one dominated by cyclones. 
Empirical observation; holds only when there is a 
definite trough between the two highs in question. 
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' NAVAER 50-lR-204 
Warm fronts move with a speed that is 6<>% to So% 
of the component of the geostrophic wind normal 
to the front. 
This is a reliable rule, provided it is remembered 
that the burden of forecasting the frontal displacement 
is shifted to forecasting the mean geostrophic wind 
which will prevail during the forecast period. The 




Rule (2): Cold fronts of Type B move with a speed that is 
7o% to 90% of the component of the geostrophic wind (P
16 ) normal to the front. 
Remarks: See "remarks" under Rule (1). 
r IT~ 
III -2 J. 
Rule ( 3): 
(Pl7) 
Remarks: 
NAVAER 50-lR-204 ... 
Cold fronts of Type A move with a speed that is 
approximately 10~ of the component of the geostrophic 
wind normal to the front. 
See "remarks" under Rule (1). 
III-3 
NAVAER 50-lR-204 
Rule (4): Occluded fronts of the Warm Front Type move with a 
·speed that is 6o% to 80% of the component of the (p6) geostrophic wind normal to the front. 






Occluded fronts of the Cold Front Type move with a 
speed that is 7o% to 9o% of the component of the 
geostrophic wind normal to the front. 








During periods of continued strong westerly flow 
aloft (high index) over North America, surface 
fronts move rapidly eastward with little air-mass 
contrast across them and practically no frontal 
precipitation or cloudiness south of the belt of 
strongest westerlies aloft. 
East of the Rockies such fronts are accompanied by 
cirrus and altocum.ulus or clear skies with little or 
no precipitation, but on the west coast the westerly 
flow up the mountains may produce copious rain. 
Empirical observation, supported by the fact that 
very little convergence is associated with such 
fronts. Highly reliable rule. 
See diagram under Rule (10) in "Frontal Weather" 
section. 
See also the rules for displacement of surface troughs 
in "Displacement of Pressure Systems" section. 
III-6 
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CYCLOGENESIS AND ANTICYCLOGENESIS 









Look for cyclogenesis on a cold front arter it has 
passed a mountain range. 









During periods of southerly flow at 10,000 feet along 
the east coast, secondary storms frequently develop 
in the vicinity of Cape Hatteras. 












A wave will be unstable and deepen if the 10,000 foot 
wind field over it possesses cyclonic relative vorticity, 
{i.e., cyclonic curvature of the isobars or contour , 
linesJ, or cyclonic shear. A wave will be stable if 
the 10,000 foot wind over it possesses anticyclonic 
vorticity. 
The rule simply states that if a wave cyclone extends 
vertically to near 10,000 feet it will deepen, whereas 
if it is shallow, it will not. This is quite true.-













































If there are several waves along a front, the on~ with 
the most intense cyclonic vorticity aloft will develop 
at the expense of the others. This is usually the one 
nearest the axis of the trou~h aloft. 
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A change in the type of advection behind a slowly 
moving cold front is a sign of a new frontal wave 
forming. 
This rule is rather vague in that it does not state 
where the change in the type of advection is to take 
place. In order to be strictly true, the change in 
the type of advection must take place ABOVE the cold 
front. 
Closed cyclonic and anticyclonic isobaric systems 
at 10,000 feet tend to maintain themselves for 
appreciable lengths of time. This is especially true 
of the southern half of the United States. 
Empirical result; quite reliable. 
IV-6 





Cyclogenesls frequently occurs at the peak of the 
warm sector of a well occluded cyclone in the vicinity 
of mountain ranges. This is the so-called "Skagerrak" 
effect. · 
Empirical re~ult, not based on assumptions. Also occurs 
over ocean areas and can be detected by diverging wara-












Troughs of large wave length tend to persist, and 
minor troughs intensify as they enter the region 
of large troughs • 
. Empirical observation. not based on assumptions. 
Warm sector cyclones deepen at the rate indicated 
by the tendency at the peak of the warm sector. 
This rate remains almost constant until 6-12 hours 
after occlusion sets in; the deepening then decreases 
and changes gradually into a slow filling. 
Empirical result; quite reliable. 
If a maJor trough stagnates along the east coast, 
while activity in the polar belt over the eastern 
Pacific and the western United States weakens or 
ceases entirely, a closed anticyclone will soon 
develop aloft in the central part of the United 
States, often located as far north as Illinois. 




Rule (15): A cyclonic center deepens {or fills) with a speed 
that is equal to the barometric tendency in the center. 
(P22 ) The same also applies to anticyclonic centers. 
Remarks: The following remarks apply to all of Petterssen's 





(a) The theory is purely kinematic; for instance, 
it takes no account ot such dynamic aspects 
as divergence and convereence. 
(b) The rules actually describe what has been 
happening during ~ tendency-iii'terval, not 
what is going to happen during the forecast 
period. 
(c} The pressure tendencies are difficult to 
measure accurately and are often non-representative. 
The deerening (or filling) in regions where the 
isobars are parallel to the path of the center 
is equal to the barometric tendency. 






A pressure trough deepens or fills with a speed 
that is equal to the barometric tendency on the 
trough line. The same also applies to wedges. 


















A pressure center as a whole deepens when the planimetric 
value of the barometric tendency is negative within 
a closed isobar, and it fills when the planimetric 
value of the barometric tendency is positive. 
See "remarks" under Rule (15). 







A cyclonic center increases in strength (cyclogenesis) 
when the tendency profiles are curved cyclonically, 
and it decreases in strength (cyclolysis) when the 
tendency profiles are curved anticyclonically. 
The rules are made a little more clear if "curved 
cyclonically" is interpreted to mean "concave upward", 
or "holds water", and "curved anticyclonlcally" to 
mean "convex downward", or "spills water". 




(-) nu Decrease a 
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A cyclonic center is exposed to cyclogenesis 
when the deepening ls a maximum or the filling 
a minimum in the center. A cyclonic center is 
exposed to cyclolysis when the deepening is a 
minimum or the filling a maximum in the center. 
Similar rules hold for anticyclonic centers. 








If a front crosses a mountain range approximately 






Prolong the duration of the precipitation 
on the windward side. 
Narrow or dissolve it on the leeward side. 
Widen the precipitation area on the wind-
ward side. 
Narrow the precipitation area on the lee-
ward side. 
Empirical observation, substantiated by the geometry 




Rule (5 !,: 
(02ol 
Remarks: 
NAVAER 50·1R-204 .. 
Waves develop along fronts when the 10,000 foot flow 
ls parallel to the front, or nearly so. 
This empirical result agrees with the well known fact 
that waves are more apt to develop on slowly moving 
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"' NAVAER 50-lR-204 
The appearance of super~radient wind velocities 
(both surface and aloft) is followed by the formation 
or intensification of anticyclonic conditions to the 
right of the supergradient current in the Northern 
Hemisphere. 
This is the so-called µdynamic anticyclogenesis". 
It is a reliable result explained by the "piling up" 
pf air to the right of the current under unbalanced 
conditions. 
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During periods of low index in the colder portions 
of the year, cyclogenesis may occur off the east 
coast of Florida. Should a large, nearly stationary 
cPk or cAk anticyclone appear over the St. Lawrence 
Valley, a typical "Northeaster" will very likely 
develop, bring heavy rain or snow to the Middle 
Atlantic and New England stateso 







When ·a closed high level anticyclone (between 
10,000 and 15,000 feet) overlies the central 
United States, the easterlies on the south side 
of this high rarely extend uniformly to the 
equatorial zone. A second anticyclone is commonly 
located over the Gulf or the western Caribbean 
almost south of the center over the United States, 
and between these two highs is an upper shearline 
oriented NB-SW to E-W, The field of motion is very 
favorable for cyclogenesis. 
·Empirical observation, not based on assumptions. 
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Rule (17): 
Remarks: 
NAVAER 50-lR-204 ... 
A cyclonic center deepens when the zero isallobar 
is to t~e rear of the center, and it fills when 
the zero isallobar is in advance of the center. 
Anticyclonic centers obey the reverse rule. 
I 
See "remarks" under Rule {15) 
















A pressure trough deepens when the zero isellobar 
is to the rear of the trough line, and it fills 
when the zero isallober is in advance of the trough 
line. Wedges of high pressure obey the reverse rule. 
See "remarks" under Rule (15). 
















T~e deepening intensity at any point in the warm -
sector ls equal to the barometric tendency at the 
point in question. 
See "rem.arks" under Rule (15). 
See also "remarks" under Rule (24) below. 
Symmetrical we.rm sector cyclones deepen and occlude 
at a rate that ls directly proportional to the 
warm sector tendency • 
See "remarks" under Rule (15). 
The warm. sector tendency ex1resses the degree ot 
instability Of the W8T8e 
This rule is a corollary or Rule (22). 
See also "remarks" under Rule (15). 
A wara sector cyclone deepens with a speed that ls 
equal to the barometric tendency in the warm sector. 
The assum1tion ls made that the direction ot 
moTement or the system ls parallel to the warm 
sector isobars. 





NAVAER 50-lR-204 ~ 
An anticyclonic center increases in strength 
(anticyclogenesis) when the tendency profiles are 
curved anticyclonically, and decreases in strength, 
(anticyclolysis) when the tendency profiles are 
curved cyclonically. 
See "remarks" under Rule (25). 
(+) 
(4t) 




















































Except in summer, during periods of low index, wave 
disturbances are often observed along the arctic 
front in the vicinity or the Gulf of Mexico. Such 
developments, even though weak in the beginning as 
far as cyclonic circulation is concerned, can 
nevertheless produce. widespread rain or snow over 
the Texas - Oklahoma sections. 










When a cyclone becomes stationary, the area ot 
precipitation tends to be extended to the rear of 
the system, with a simultaneous tendency tor the 
precipitation to decrease in the forward part ot the 
storm. · 
Empirical observation, but tends to agree with 
recent work of Bjerknes and Holmboe on the distribution 
of convergence and divergence in the vicinity of 










If the 10,000 foot flow is perpendicular to the 
cold front, the front will be inactive, as the winds 
normally increase with height. 
This rule is quite reliable. No assumptions made 










































If the 10,000 foot flow is parallel to the cold front, 
the cold front will be active. The cloudiness and 
precipitation will extend as far behind the front 
as the winds at 10,000 feet are parallel to the front. 
This rule is also quite reliable. No assumptions made 
that are not stated in the rule. 
· Co1..J) WARM 
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Warm front cloudiness and precipitation will occur 
where the 16,000 foot flow is across the warm front 
from the warm to the cold side and turning cyclonically 
or moving in a straight line. 
The type of flow described implies convergence within 
the stream, which is aaded to the frontal lifting to 




















Warm fronts are accompanied by no weather and few 
clouds if the 10,000 foot flow above them is 
anticyclonic. Frontolysis of such fronts is usual. 
This rule is the natural complement of Rule (6). 







If there are several waves along a front, the on~ with 
the most intense cyclonic vorticity aloft will develop 
at the expense of the others. This is usually the one 
nearest the axis of the trou~h aloft. 
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Rule (5 !,: 
(02ol 
Remarks: 
NAVAER 50·1R-204 .. 
Waves develop along fronts when the 10,000 foot flow 
ls parallel to the front, or nearly so. 
This empirical result agrees with the well known fact 
that waves are more apt to develop on slowly moving 
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A change in the type of advection behind a slowly 
moving cold front is a sign of a new frontal wave 
forming. 
This rule is rather vague in that it does not state 
where the change in the type of advection is to take 
place. In order to be strictly true, the change in 
the type of advection must take place ABOVE the cold 
front. 
Closed cyclonic and anticyclonic isobaric systems 
at 10,000 feet tend to maintain themselves for 
appreciable lengths of time. This is especially true 
of the southern half of the United States. 





"' NAVAER 50-lR-204 
The appearance of super~radient wind velocities 
(both surface and aloft) is followed by the formation 
or intensification of anticyclonic conditions to the 
right of the supergradient current in the Northern 
Hemisphere. 
This is the so-called µdynamic anticyclogenesis". 
It is a reliable result explained by the "piling up" 
pf air to the right of the current under unbalanced 
conditions. 
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Cyclogenesls frequently occurs at the peak of the 
warm sector of a well occluded cyclone in the vicinity 
of mountain ranges. This is the so-called "Skagerrak" 
effect. · 
Empirical re~ult, not based on assumptions. Also occurs 
over ocean areas and can be detected by diverging wara-
sector isobars and large falling tendencies at peak. 
IV-8 




During periods of low index in the colder portions 
of the year, cyclogenesis may occur off the east 
coast of Florida. Should a large, nearly stationary 
cPk or cAk anticyclone appear over the St. Lawrence 
Valley, a typical "Northeaster" will very likely 
develop, bring heavy rain or snow to the Middle 
Atlantic and New England stateso 












Troughs of large wave length tend to persist, and 
minor troughs intensify as they enter the region 
of large troughs • 
. Empirical observation. not based on assumptions. 
Warm sector cyclones deepen at the rate indicated 
by the tendency at the peak of the warm sector. 
This rate remains almost constant until 6-12 hours 
after occlusion sets in; the deepening then decreases 
and changes gradually into a slow filling. 
Empirical result; quite reliable. 
If a maJor trough stagnates along the east coast, 
while activity in the polar belt over the eastern 
Pacific and the western United States weakens or 
ceases entirely, a closed anticyclone will soon 
develop aloft in the central part of the United 
States, often located as far north as Illinois. 








When ·a closed high level anticyclone (between 
10,000 and 15,000 feet) overlies the central 
United States, the easterlies on the south side 
of this high rarely extend uniformly to the 
equatorial zone. A second anticyclone is commonly 
located over the Gulf or the western Caribbean 
almost south of the center over the United States, 
and between these two highs is an upper shearline 
oriented NB-SW to E-W, The field of motion is very 
favorable for cyclogenesis. 
·Empirical observation, not based on assumptions. 
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Rule (15): A cyclonic center deepens {or fills) with a speed 
that is equal to the barometric tendency in the center. 
(P22 ) The same also applies to anticyclonic centers. 
Remarks: The following remarks apply to all of Petterssen's 





(a) The theory is purely kinematic; for instance, 
it takes no account ot such dynamic aspects 
as divergence and convereence. 
(b) The rules actually describe what has been 
happening during ~ tendency-iii'terval, not 
what is going to happen during the forecast 
period. 
(c} The pressure tendencies are difficult to 
measure accurately and are often non-representative. 
The deerening (or filling) in regions where the 
isobars are parallel to the path of the center 
is equal to the barometric tendency. 




NAVAER 50-lR-204 ... 
A cyclonic center deepens when the zero isallobar 
is to t~e rear of the center, and it fills when 
the zero isallobar is in advance of the center. 
Anticyclonic centers obey the reverse rule. 
I 
See "remarks" under Rule {15) 
















A pressure trough deepens or fills with a speed 
that is equal to the barometric tendency on the 
trough line. The same also applies to wedges. 
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Rule (19): 
(P 23 )_ 
Remarks: 
+2. 
NAVAER 50-lR-204 ' 
A pressure trough deepens when the zero isallobar 
is to the rear of the trough line, and it fills 
when the zero isallober is in advance of the trough 
line. Wedges of high pressure obey the reverse rule. 










A pressure center as a whole deepens when the planimetric 
value of the barometric tendency is negative within 
a closed isobar, and it fills when the planimetric 
value of the barometric tendency is positive. 
See "remarks" under Rule (15). 

















T~e deepening intensity at any point in the warm -
sector ls equal to the barometric tendency at the 
point in question. 
See "rem.arks" under Rule (15). 
See also "remarks" under Rule (24) below. 
Symmetrical we.rm sector cyclones deepen and occlude 
at a rate that ls directly proportional to the 
warm sector tendency • 
See "remarks" under Rule (15). 
The warm. sector tendency ex1resses the degree ot 
instability Of the W8T8e 
This rule is a corollary or Rule (22). 
See also "remarks" under Rule (15). 
A wara sector cyclone deepens with a speed that ls 
equal to the barometric tendency in the warm sector. 
The assum1tion ls made that the direction ot 
moTement or the system ls parallel to the warm 
sector isobars. 






A cyclonic center increases in strength (cyclogenesis) 
when the tendency profiles are curved cyclonically, 
and it decreases in strength (cyclolysis) when the 
tendency profiles are curved anticyclonically. 
The rules are made a little more clear if "curved 
cyclonically" is interpreted to mean "concave upward", 
or "holds water", and "curved anticyclonlcally" to 
mean "convex downward", or "spills water". 










/Jl anticyclonic center increases in strength 
(anticyclogenesis) when the tendency profiles are 
curved anticyclonically, and decreases in strength, 
(anticyclolysis) when the tendency profiles are 
curved cyclonically. 












A cyclonic center is exposed to cyclogenesis 
when the deepening ls a maximum or the filling 
a minimum in the center. A cyclonic center is 
exposed to cyclolysis when the deepening is a 
minimum or the filling a maximum in the center. 
Similar rules hold for anticyclonic centers. 
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If a front crosses a mountain range approximately 






Prolong the duration of the precipitation 
on the windward side. 
Narrow or dissolve it on the leeward side. 
Widen the precipitation area on the wind-
ward side. 
Narrow the precipitation area on the lee-
ward side. 
Empirical observation, substantiated by the geometry 
of fronts and mountain ranges • 










Except in summer, during periods of low index, wave 
disturbances are often observed along the arctic 
front in the vicinity of the Gulf of Mexico. Such 
developments, even though weak in the beginning as 
far as cyclonic circulation is concerned, can 
nevertheless produce. widespread rain or snow over 
the Texas - Oklahoma sections. 














When a cyclone becomes stationary, the area ot 
precipitation tends to be extended to the rear of 
the system, with a simultaneous tendency tor the 
precipitation to decrease in the forward part ot the 
storm. · 
Empirical observation, but tends to agree with 
recent work of Bjerknes and Holmboe on the distribution 
of convergence and divergence in the vicinity of 
waves in the westerlies. 
C:OL.D C•~D 









If the 10,000 foot flow is perpendicular to the 
cold front, the front will be inactive, as the winds 
normally increase with height. 
This rule is quite reliable. No assumptions made 










































If the 10,000 foot flow is parallel to the cold front, 
the cold front will be active. The cloudiness and 
precipitation will extend as far behind the front 
as the winds at 10,000 feet are parallel to the front. 
This rule is also quite reliable. No assumptions made 
that are not stated in the rule. 
· Co1..J) WARM 
.....,,__ __ 2. S'O - 3 S'O HILES-----~ 
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Warm front cloudiness and precipitation will occur 
where the 16,000 foot flow is across the warm front 
from the warm to the cold side and turning cyclonically 
or moving in a straight line. 
The type of flow described implies convergence within 
the stream, which is aaded to the frontal lifting to 




















Warm fronts are accompanied by no weather and few 
clouds if the 10,000 foot flow above them is 
anticyclonic. Frontolysis of such fronts is usual. 
This rule is the natural complement of Rule (6). 
The two taken together cover all possible cases. 
V-7 
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Rule (8): If the mean isotherms (thickness lines) in the cold 
air are packed along the front, it is a strong front (o
22
) Rnd will tend to produce weether. 
Remarks: The situation described implies marked air-mass 
contrast across the front. 
' 
V-8 




NAVAER 50-lR-204 .... 
If the mean isotherms (thickness lines) are 
perpendicular to the front, the front is weak, will 
produce little weather, and is likely t.o frontolyze. 
The situation here described impl1es little air-mass 







During periods of continued strong westerly flow 
aloft (high index) over North .America, surface fronts 
move rapidly eastward with little air-mass contrast 
across them and practically no frontal precipitation 
or cloudiness south of the belt of strongest 
westerlies aloft. 
East of the Rockies such fronts are accompanied by 
cirrus and alto-cumulus with little or no precip-
itation, or clear skies. On the West Coast, however, 
the westerly flow up the mountains may produce 
copious rain. 
Empirical observation, supported by the fact that 
very little convergence is associated wlth ·such 
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Polar Continental Tropical Maritime 











Air masses which form through heating from below 
will be deep, and those which form on account or 
cooling from below will be shallow. 
Assumes vertical mixing in air masses heated from 
below, but not in air masses .cooled from below. 










I ~ Inter-Tropical Front 




Cloudiness and precipitation are preTalent under 
cyclonically curYed isobars (isohypses) aloft (about 10,000, feet), regardless of the presence or 
absence ot fronts on the surface weather m~p. 
Remarks: This works best in mountainous reeions, over ocean 








The cause ot such phenomena is convergence associated 
with cyclonically curTed isobars (isohypses). 
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In a cold air mass, the instability showers, cumulus, 
and stratocumulus clouds will be found only in 
t~e portion of the air mass moTing in a cyclonically 
curved path. 
This rule also correlates convergence with cyclonic 








In a warm air mass moving with a component frQm the 
south, cloudiness and precipitation will be very 
abundant under a current turning cyclonically or 
even moving in a straight line. Only where the current 
turns sharply anticyclonically will there be no 
clouds or precipitation. 
This rule and the two following rules are corollaries 
or the general statement·: "Any extens!Te current of 
air movin& across latitude lines from the south, 
which is moving in a straight line or a cyclonicallT 
curved path, must be converging horizontally". A 
similar statement holds for currents moving southward. 
This rule was derived from a formula developed by 
Rossby in an unpublished manuscript, so a list of 
the assumptions on which it is based is not available. 
Clear skies will occur whereTer a current ot air is 
moving from the north in a straight line or in an 
anticyclonically curved path. Clear skies will also 
be observed in a current of air moving from the south 
if it is turning sharply anticyclonically. 





Elongated V-shaped troughs aloft will have cloudiness 
and preci.J>itation in the southerly current in advance 
of the trough with clearing at the trough line 
and behind it. 
See "remarks" under Rule (4). 
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The 10,000 foot ridge line ls usually the forward 
limit of the prewarm-frontal cloudiness. The 
sharper the ridge is, the more accurate the 'rule 
ls. 
The 20,000 foot ridge line will usually be a better 
limit to the forward edge of the cirrus cloud sheet. 
This is an empirical result, agreeing quite well 
with previous theory. 
When anticyclonic flow aloft prevails over the 
Mississippi Basin, fair weather occurs throughout 
the region under the anticyclonic flow, and 
storms move around the periphery of tha high. 
This is an empirical result, agreeing quite well 






Cloudiness and precipitation will occur where the 
10,000 foot winds blow across the mean isotherms 
(thickness lines) from the warm (thick) to the cold 
(thin) side. Clear skies will occur where the 
10,000 foot winds blow across the mean isotherms 
(thickness lines) from the cold (thin) to the warm 
(thick) side. 
Remarks: When the winds aloft blow across the mean isotherms 
from the warm to the cold side, they are blowing up 
over the more slowly moving cold dome. The air alo~ 
is lifted, and cloudiness and precipitation are the 
results. When the winds aloft blow from the cold 
to the warm side, they blow downslope over the cold 
dome and the "weather" is then at a minimum. 
This i .s another way of describing warm frontogenesls 
and :rrontolysis • 
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The first indication of prewarm-frontal clouds 
over a cold high is a layer characterized by 
advection of warm air at some height between 
10,000 and 20,000 feet. 
Undoubtedly truet 
In the zone of the westerlies during periods or 
strong circulation intensity (high index), there 
is little tendency for invasions of tropic&l air 
from the south, or of polar air from the north, to 
occur at the surfece. 
Empirical result, not necessarily true unless th9 




































NAVAER 50-lR-204 .. 
Rule (9): 
(S) 
During periods of weak circulation intensity 
(low index) marked northward currents of tropical 
air and southward currents of polar air are commonly 
found side by side. 
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Marked variation in the height of the tropopause 
indicates a low index condition is probably 
prevalent. 
Remarks: Empirical result, pertly correlated with the 
relative heights of the tropopause in tropical 










In cPk and cAk air masses in winter, one may expect 
a rather low broken to overcast sky condition 
with frequent and wide spread snow squalls on the 
lee side of the Great Lakes and on the windward 
side of the A~palachians. 
Empirical result explained by trajectory ·of air 
over water and up the mountain slopes. This rule 
will always work if th& required trajectory is 
followed. 
Very low pressures at 10 kilometers indicates that 
air .of arctic origin is over the station, and · 
very high pressures at 10 kilometers indicates 
that tropical air is over the station. 
This is based on the assumption that invasions 
of tropical air and arctic air take place first 









The minimum. temperature the second night following 
a cold frontal passage· will be lower than the 
minimum temperature or the first night. 
Empirical observation; almost always holds true unless 
the surface wind backs to gentle to moderate southwest. 
Air mass thunderstorms seldom occur on the east coasts 
ot continents in middle latitudes. This applies .in 
particular to the vicinity of Annapolis. 
Empirical result, but can be explained by the cooling 
effect of the sea-breeze in the lowest layers of the 








If the thermal wind backs with elevation, the 
relatively less stable alr is to the right ot 
the thermal wind. 
If the thermal wind veers with elevation, the 
relatively less stable air is to the left of the 
thermal wind. 
This rule is derived from a mathematical analysis 
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With regard to constant pressure and differential analysis, 
certain fundamentals must be kept in mind. These are summarized briefly 
belows 
A. As indicated by the tendency equation, C! )h=-J: ff div~nrd2+(if111i!)h -i~f ~~ ~: +N~ ~; )J2, 
(where the symbols have the conventional meanings), in a fixed point 
in the atmosphere at a level 1h1 , the barometric variation is 
controlled essentially by three factorss 
(1) The horizontal divergence in the air column above the level 1h1 • 
(2) The transport of air through the base of the air column, and 
(~)The advection of ·density by horizontal motion. 
B. A thickness line is said to 1 cl1mb1 when its positive direction is 
c. 
from low to high values of the pressure surface. 
The speed of the pressure systems depends essentially upon: 
(1) The thermal wind. 
(2) The cyclostrophic components~ and 
(~) The distribution of divergence. 
In individual cases, the second or third term may be as large or 
larger than the first term (the thermal steering). 
D. Since the isobaric-thermal wind for any layer is nearly parallel to 
the mean isotherms, it follows that systems will tend to move 
• 
along the mean isotherms. Thie accounts for the fa.ct that small 








(a) Where the thickness lines climb the pressure surface the 
pressure at the lower surface must fall, and the fall 
increases with the isobaric-thermal wind and the slope of 
the pressure surface. 
(b) Where the thickness lines are 2arallel to the contour 
lines (i.e. no climb), the pressure at the lower surface 
remains stationary. 
(c) Where the thickness lines descend the pressure surface, 
the pressure at the lower surface must rise, and the rise 
increases with the isobaric-thermal wind and the slope of 
the pressure surface. 
Theoretical result. ~.ay be intuitively seen, however, from the 
fact that advection of warm air occurs in (a), no adveotion 
occurs in (b), and advection of cold air occurs in (c). 
The assumptions of gradient wind conditions and that "thio.lm.ess• 
ie conservative are made. 
Agrees well with observation. 
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A rising pressure 
B no change 








In thermally symmetrical systems, neither the thermal winds 
nor the cyclostrophic components contribute to the pressure 
variations. 
Theoretical result. 














In advance of a thermally asymmetrical cyclone, an overweight of 
anticyclonic components g1ve a negative contribution to the 
pressure variation. 
In the !:.!!!:. of a thermally asymmetrical cyclone, an overweight of 
anticyclonic components give a positive contribution to the 
pressure variation. 
Theoretical result. 
The components referred to are the cyclostrophic components of 
the gradient wind. 
The assumption that the divergence ia zero is also made. 
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In advance of a thermally asymmetrical cyclone, an overweight of 
cyclonic components give a positive contribution to the 
pressure variation. 
In the !!!!':. of a thermally asymmetrical cyclone, an overweight of 
cyclonic components give a negative contribution to the 
pressure variation. 
Theoretical result. 
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In advance of a thermally asymmetrical anticyclone, an 
overweight of anticyclonic components give a positive 
contribution to the pressure variation. 
In the !:.!!!:. of a thermally asymmetrical anticyclone, en 
overweight of anticyclonic components give a negativa 
contribution to the pressure variation. 
'Theoretical result. 
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NAVAER 50-lR-204 
In advance of a thermally asymmetrical anticyclone, an 
overweight of cyclonic components give a negative contribution 
to the pressure variation. 
In the !:!!!:. of a thermally asymmetrical anticyclone, an 
overweight of cyclonic components give a positive contribution 
to the pressure variation. 
Theoretical result. 


















































A southerly thermal wind in advance of a sea-level depression 
or trough tends to cause a retardation in the eastward 
progress of the systems. 
Theoretical result. 
Reference is made to the divergence term onlyJ the advectiva 
contribution is ignored. 




































































A northerly thermal wind in advance of sea-level depressions 
and troughs tends to cause 8n acceleration 1n the eastward 
progress ot the systems. 
Theoretical result. 











































































A southerl.y thermal wind in advance of sea-level anticyclones 
and wedges tends to· cause. an acceleration in the eastward 
progress of the systems. 
Theoretical result. 



































































































A northerly thermal wind in advance of sea-level anticyclones 
and wedges tends to cause a retardation in the eastward 
progress of the systems. 
Theoretical result. 
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